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Background & Aims: In patients with functional dyspep- 
sia, altered a-adrenoreceptor function and depression 
are prevalent, features that are linked to a G-protein B3 
(GNB3) subunit gene polymorphism (C825T). We aimed 
to assess the association of specific G-protein B3 sub- 
unit genotypes with functional dyspepsia. Methods: In 
study A, abdominal symptoms were assessed in 67 
patients with unexplained, upper abdominal symptoms 
and 259 consecutive blood donors with and without 
abdominal symptoms. In study B, a further 56 patients 
with functional dyspepsia and 112 age- and sex- 
matched healthy controls from a blood donor population 
study were evaluated. Genomic DNA was isolated from 
buccal swabs and genotyping of the C825T polymor- 
phisms was performed by polymerase chain reaction 
and restriction analysis. Results: In the blood donors 
with no abdominal symptoms in study A (controls, n = 
161), genotype distribution was 17 TT, 77 TC, and 67 
CC. In blood donors and patients with unexplained ab- 
dominal symptoms, genotype distribution was 22 TT, 54 
TC, and 89 CC (P = 0.007 vs. controls). In study B, the 
genotype distribution in functional dyspepsia patients 
was 4 TT, 18 CT, and 34 CC compared with 4 TT, 62 CT, 
and 46 CC in the controls (P < 0.02). Combining studies 
A and B, the odds ratio (OR) adjusted for age and sex for 
upper abdominal symptoms associated with the CC ge- 
notype was 2.2 (95% confidence interval [CI]: 1.4 -3.3), 
compared with subjects with TC and TT genotype carry- 
ing an allele. Conclusions: Homozygous GNB3 825C 
carrier status is associated with unexplained predomi- 
nantly upper abdominal symptoms. 


he functional gastrointestinal disorders are charac- 
terized by chronic or relapsing gastrointestinal 
symptoms in the absence of structural or biochemical 
abnormalities that can be identified after a standard 
diagnostic work-up.! The best-recognized functional 


gastrointestinal disorders are irritable bowel syndrome 
(IBS) and functional dyspepsia; both of these are highly 
prevalent and often overlap, affecting between 10% and 
25% of the population.” Clinical studies in IBS and 
functional dyspepsia have identified a number of func- 
tional abnormalities including disturbances of gastroin- 
testinal (GI) motor’* and sensory function.>° In addi- 
tion, extra-intestinal symptoms as well as specific 
psychiatric disorders including depression and anxiety 
are associated, although a causal link has not been estab- 
lished.”® A subgroup of patients with functional GI 
disorders may have augmented immunologic responses 
to various stimuli, as suggested by an increased preva- 
lence of allergic diatheses? and an increased antibody 
response to bacterial stimuli.'° In a subgroup of individ- 
uals with IBS and possibly functional dyspepsia, acute GI 
infections may precipitate symptoms.!'"!? Familial clus- 
tering of both IBS and functional dyspepsia has been 
reported'? and twin studies support an underlying ge- 
netic predisposition in those with IBS.!%15 

Currently, an integrated disease model that adequately 
explains the broad spectrum of symptoms in the func- 
tional GI disorders as well as the association with extra- 
intestinal syndromes and psychiatric disorders is lacking. 
A large number of receptors have been shown to have 
altered function in the functional GI disorders. For ex- 
ample, the response to cholecystokinin on gallbladder 
contraction is augmented in IBS,!° whereas the prolactin 
response of central serotonin la receptors to stimulation 
with buspirone may be augmented in functional dyspep- 
sia.'” Impaired adrenoreceptor function could play a role 
in functional GI disorders because peripheral &-adrener- 
gic receptors modulate peripheral sensation and motor 


Abbreviations used in this paper: Cl, confidence interval; Gl, gastro- 
intestinal; IBS, irritable bowel syndrome; OR, odds ratio. 
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Table 1. Distribution of GNB3 Genotypes in Blood Donors and Patients With and Without Functional Dyspepsia in Study A 


Sample T-allele C-allele 

Group or symptom type size (n) TT (n, %, 95% Ch CT (n, %, 95% Ch CC (n, %, 95% CN (n) (n) 
Asymptomatic blood 

donors® 161 17 (10.6%, 5.8-15.3) 77 (47.8%, 40.1-55.5) 67 (41.6%, 34.0-49.2) 111 211 
Blood donors with GI 

symptoms® 98 13 (13.3%, 7.3-21.6) 35 (35.7%, 26.3-46.0) 50 (51.0%, 40.7-61.3) 61 135 
Patients (all symptomatic)® 67 9 (13.4%, 6.3-24.0) 19 (28.4%, 18.0-40.7) 39 (58.2%, 45.5-70.1) 37 97 
Patients and blood donors 

with GI symptoms 165 22 (13.3%, 8.15-18.5) 54 (32.7%, 25.6-39.9) 89 (53.9%, 46.3-61.5) 98 232 


@Blood donors with no abdominal symptoms in the preceding 12 months. 
bBlood donors reporting symptoms referred to the Gl tract. History, physical examination, and laboratory testing did not yield relevant 


abnormalities. 


Patients with the diagnosis of a functional GI disorder after a comprehensive diagnostic work-up. 


functions.!? Desipramine acts on noradrenergic neurons, 
and via &2 receptors stimulates the release of growth 
hormone in normal healthy subjects; the growth hor- 
mone response to desipramine appears to be blunted in 
patients with IBS, suggesting that there may be im- 
paired adrenoreceptor function in these patients.!® Al- 
though these abnormalities might be caused by several 
different receptor abnormalities, we postulated that there 
is an underlying second messenger abnormality that 
explains the various clinical manifestations. 

Putative second messenger candidates include the het- 
erotrimeric G-proteins. G-proteins are essential for stim- 
ulus-response coupling of receptors that are linked to 
intracellular effector systems such as the adenylcyclases, 
the phosphoinositide system, ion channels, as well as 
various protein kinases and transcription factors.?0=23 
Approximately 80% of all known membrane receptors 
transduce their signals via heterotrimeric G-proteins. 
G-proteins are composed of different «, ß, and y subunit 
isoforms, the B y subunit forming a functional mono- 
mer. On receptor activation, both & and ß y subunits 
dissociate from the receptor and in turn modulate a large 
variety of intracellular effector systems. Thus, G-protein 
dysfunction potentially could block intracellular signal 
transduction. 

A common C825T polymorphism has been described 
in the gene GNB3 that encodes the B3 subunit of 
heterotrimeric G-proteins. This polymorphism gives rise 
to 3 possible genotypes (i.e., CC, TC, and TT). The 825T 
allele of the TC or TT genotype is associated with 
alternative splicing of the gene and the formation of a 
truncated but functionally active splice variant. In gen- 
eral, the 825TT allele is predictive of enhanced G-protein 
activation and, thereby, increased cellular or physiologic 
responses.” Homozygous 825C allele carriers (CC geno- 
type) form only minute amounts of the ß3 splice variant 
and, thus, are characterized by diminished signal trans- 
duction responses. 


There is now reasonable evidence that the GNB3 
status is associated with depression,?? increased immune 
cell activation,”° and altered activation of &»-adrenore- 
ceptors.”* A diminished signal transduction response 
could lead to abnormalities of function such as alterations 
of sensory function or motility that have been observed in 
patients with unexplained dyspepsia or IBS.”” We hy- 
pothesized that a second messenger abnormality that 
may be linked to the GNB3 CC genotype could lead to 
receptor dysfunction in the functional GI disorders and 
hence the expression of symptoms. Thus, we postulate an 
increased prevalence of the GNB3 CC genotype in pa- 
tients with unexplained dyspepsia. 


Materials and Methods 
Study Populations 


Study A. Sixty-seven consecutive patients with a 
functional gastrointestinal disorder were recruited after an 
extensive diagnostic work-up (Table 1). The majority of these 
patients (n = 48) were referred by gastroenterologists and the 
remainder came via general practitioners (n = 19). All patients 
had a history of long-standing (>5 yr) abdominal symptoms. 
They were referred for further evaluation and treatment be- 
cause of persisting or relapsing abdominal symptoms despite 
dietary modifications, bulking agents, or standard medications 
including antisecretory, prokinetic, or antispasmodic drugs. 
All patients (and controls) included were Caucasians. 

Before inclusion into the study, all study subjects had a 
standardized diagnostic work-up including a clinical evalua- 
tion. All patients completed laboratory testing (i.e., white and 
red blood cell count, erythrocyte sedimentation rate, fasting 
blood sugar, liver function tests), an abdominal ultrasound, 
and upper gastrointestinal endoscopy to exclude a structural 
cause for the symptoms. All patients over 45 years of age or 
patients with any relevant colonic symptoms had a colonos- 
copy performed. 

In addition, 259 consecutive healthy blood donors were 
asked to participate in the study. All blood donors completed 
a routine clinical evaluation including blood testing. The 
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Ethics Committee of the University of Essen Medical School 
approved the study protocol and informed written consent was 
obtained from all participants. 


Assessment of Abdominal Symptoms, 
Depression, and Anxiety Disorders 


In all patients and blood donors in study A, abdominal 
symptoms were assessed by using the Bowel Disease Question- 
naire.?®29 This version of the questionnaire has been applied in 
previous German studies?®3° and has been shown to have 
adequate content, predictive, and construct validity for the 
measurement of upper and lower GI tract symptoms.3!33 

In all patients and blood donors, depression and anxiety 
were assessed by using the Hospital Anxiety and Depression 
Scale. This validated instrument measures state of anxiety and 
depression. A score >10 indicated a clinically relevant anxiety 
or depressive disorder. The advantage of this measure is that it 
avoids counting somatic symptoms such as fatigue and palpi- 
tations, which have rendered several other standard screening 
instruments unreliable in physically ill subjects.?%-35 

Study B. To confirm the findings of study A, an 
additional study was conducted. After informed consent and 
approval by the Ethics committee, 56 consecutive patients 
with predominantly upper abdominal symptoms (and diag- 
nosed as having functional dyspepsia) were enrolled in a mul- 
ticenter trial on the efficacy of an herbal medication. The 
patients were recruited randomly from all geographic areas of 
Germany. All subjects recruited were outpatients under the 
care of physicians in private practice, and came from a primary 
care setting. The entry criteria for these patients were pain or 
discomfort localized in the upper abdomen. A standardized 
diagnostic work-up was performed including upper GI endos- 
copy in all patients and colonoscopy in patients older than 45 
years or patients with concomitant IBS symptoms. All patients 
and controls were Caucasians. 

Symptoms had to be present for at least 12 weeks during the 
past 12 months. Patients with symptoms compatible with 
gastroesophageal reflux disease as the main symptom or any 
endoscopic evidence for esophageal lesions at any of the pre- 
ceding endoscopies were not eligible for participation in the 
study. Patients with concomitant IBS (i.e., lower abdominal 
symptoms associated with disturbances of bowel function) 
were eligible for the trial if these symptoms were not domi- 
nating the clinical picture. Patients with a psychiatric diag- 
nosis were excluded from the study. 

For each patient, 2 healthy blood donors of matched age and 
sex were allocated randomly from a study sample of 3000 
healthy blood donors. The Bowel Disease Questionnaire and 
Hospital Anxiety and Depression Scale were not administered 
to this cohort. Because the control group in the first study all 
had been recruited from the pool of blood donors at the 
University of Essen, we decided to recruit these controls at a 
different institution, from the University Hospital of Duessel- 
dorf. Buccal swabs were obtained as described in study A. 
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Symptom Subgroups 


Based on the symptoms assessed by the Bowel Disease 
Questionnaire and the Rome II criteria, patients were catego- 
rized as having functional dyspepsia, IBS, or both.?° Func- 
tional dyspepsia was assumed if patients reported chronic or 
relapsing upper abdominal pain for at least 12 weeks during 
the past 12 months. For study B, only patients with a diag- 
nosis of functional dyspepsia (chronic or relapsing upper ab- 
dominal pain or discomfort in the absence of structural lesions 
explaining the symptoms) were recruited. The most bother- 
some (predominant) dyspepsia symptom was assessed by the 
physician and the patient was categorized as either dysmotility 
or ulcer-like in study B.?’ Patients with reflux-like symptoms 
were not allowed in this study. Furthermore, presence or 
absence of IBS-type symptoms was assessed. 

Although the most recent Rome definitions have not dif- 
ferentiated between IBS patients with and without upper 
abdominal symptoms, patients with functional abdominal 
symptoms manifesting simultaneously in the upper and lower 
gut may represent a group of patients with a more severe 
manifestation of functional bowel disease. Thus, we accord- 
ingly carefully assessed and categorized patients. 


Genotyping 


Genomic DNA was isolated from buccal swabs using 
the QlAamp system (Qiagen, Hilden, Germany). Genotyping 
of the C825T polymorphism was performed according to the 
polymerase chain reaction-based method described by Siffert 
et al.?® A standard polymerase chain reaction was performed in 
a 25-ML volume containing 100 ng genomic DNA, 200 
umol/L of each deoxynucleoside triphosphate, 1.25 units Taq 
DNA polymerase, and 0.6 wmol/L of the forward 5’TGAC- 
CCACTTGCCACCCEGTGC-3’ primer. After an initial dena- 
turation step at 95°C for 5 minutes there were 35 cycles of 
denaturation at 95°C for 1 minute, annealing at 60°C for 45 
seconds, and extension at 60°C for 1 minute. An additional 
final step was performed at 72°C for 7 minutes. The polymer- 
ase chain reaction products were digested with 2.5 U BseDI for 
4 hours, separated by electrophoresis in 2.5% agarose gels, and 
visualized by ethidium bromide staining under ultraviolet 
light. All laboratory procedures were performed blinded to 
case-control status. The test procedure has a retest reliability of 


>99.I5%. 
Statistical Analysis 


When appropriate, parametric and nonparametric tests 
were used for the analyses of associations. For all proportions, 
the respective 95% confidence intervals (CIs) were calculated.?%40 
The Hardy-Weinberg Law states that in a randomly mating 
population containing the genotypes AA, aa, and Aa, the 
frequency of AA will be p2, the frequency of aa will be q2, and 
the frequency of Aa will be 2pq (where p is the frequency of A 
and q is the frequency of a), assuming there are no selection 
pressures on the population. Because the distribution of the 
GNB3 genotypes follows the Hardy-Weinberg equilibrium, a 
goodness of fit of the Hardy-Weinberg equilibrium was de- 
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termined for the study groups?! to identify deviations from the 
normal genotype distribution. Thus, we compared the ex- 
pected prevalence of the various alleles with the prevalence 
found in our study population. 

We compared GNB3 genotypes in subjects with abdominal 
symptoms (patients and symptomatic blood donors) vs. blood 
donors without any abdominal symptoms, and assessed the 
association between specific types of symptoms (e.g., IBS or 
ulcer- or dysmotility-like dyspepsia) and GNB3 C825T poly- 
morphism. Similarly, we compared the patient cohort with the 
entire blood donor population. Furthermore, the association 
between anxiety and depression scores and GNB3 genotypes 
was tested in study A. 

Finally, a logistic regression analysis was used to test all 
variables that were univariately associated at a P level of <0.15 
with functional GI disorders. For the statistical analysis SAS 
version 6.12 (Statistical Analysis System?*-3) and SPSS version 
11 (SAS Institute Inc., Cary, NC) were used. 


Power of the Study 


In study A, we assessed the potential association of 
symptoms of functional GI disorders with the GNB3 C825T 
allele status. In healthy Caucasian subjects, approximately 
40% are homozygous 825C allele carriers. We assumed that a 
10% increase in the prevalence of a genotype would be of 
clinical relevance. Assuming an & = 0.05 and aß = 0.80, 150 
asymptomatic controls and 100 subjects with functional GI 
disorders would be sufficient to identify a clinically relevant 
difference. Assuming that approximately 15% to 30% of 
healthy blood donors have symptoms of functional GI disor- 
ders, 250 blood donors and 60 symptomatic patients would be 
sufficient for the study. 

Based on the results of the first study, we assumed for study 
B a 10% increase in the frequency of the CC genotype in 
patients would be clinically relevant and a prevalence of the 
CC genotype of 45% in healthy controls. Assuming an & = 
0.05 and aß = 0.80, a sample of 50 patients and 100 controls 
would be sufficient to show a clinically relevant difference. 


Results 
Study A 


Characteristics of the first study population. The 
mean age of the patients was 49.4 years (SD = 1.8) 
whereas the controls were significantly younger (mean 
age = 33.2, SD = 0.8; P < 0.005). The gender distri- 
bution in patients and controls was similar (58% vs. 
57%, respectively). 

Abdominal symptoms in patients and controls. 
All patients reported frequent abdominal symptoms 
(more than 6 times during the past 12 mo). All patients 
reported dyspepsia, namely abdominal pain or discom- 
fort localized in the upper abdomen for more than 5 
years. Fifty patients (74.6%; 95% CI, 62.5%-84.5%) 
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also had symptoms consistent with the IBS symptom 
complex. 

Ninety-eight of the 259 blood donors (37.8%; 95% 
CI, 31.9%-44.4%) reported having abdominal symp- 
toms during the past 12 months, and 58 (22.4%; 95% 
CI, 17.3%-27.5%) had frequent symptoms (more than 6 
times during the past 12 mo). Sixty (61.2%; 95% CI, 
50.8%-70.9%) blood donors had dyspeptic symptoms 
without symptoms of IBS, 36 (36.7%; 95% CI, 27.2%- 
47.1%) had both dyspepsia and IBS, and 2 blood donors 
(2.0%; 95% CI, 0.02%-7.0%) reported IBS symptoms 
without upper abdominal complaints. 

Depression and anxiety. The mean scores for de- 
pression and anxiety were significantly higher in subjects 
with abdominal symptoms (6.5 # 0.8 and 7.7 # 0.1) 
compared with asymptomatic controls (0.6 # 0.16 and 
0.7 # 0.2, respectively, P < 0.01 patients vs. controls). 
Comparing blood donors with and without GI symp- 
toms, scores for anxiety and depression were significantly 
(P < 0.05) higher in blood donors with symptoms 
(1.3 # 0.4 and 1.5 # 0.4, respectively) compared with 
blood donors without symptoms (0.2 # 0.0 and 0.1 # 
0.1, respectively). Based on the published thresholds, 5 
patients (8.6%) with a functional GI disorder were cat- 
egorized as having depression and 6 patients (10.9%) 
were characterized as having an anxiety disorder. In 
contrast, 3 controls (1.3%) were found to have depression 
and 1 control (0.4%) was found to have an anxiety 
disorder (P < 0.01, patients vs. controls). 

GNB3 C825 genotype in controls and patients. 
In the blood donor population, the GNB3 genotype 
distribution was 30 TT (11.6%; 95% CI: 7.7% to 
15.5%), 112 TC (43.2%; 95% Cl: 37.2% to 49.3%), and 
117 CC (45.2%, 95% CI: 39.1% to 51.2%), this distri- 
bution being compatible with the Hardy-Weinberg 
equilibrium. The GNB3 genotype distribution in blood 
donors without GI symptoms was 17 TT (10.6%), 77 TC 
(47.8%), and 67 CC (41.6%), whereas in blood donors 
with GI symptoms the genotype distribution was 13 TT 
(13.3%), 35 TC (35.7%), and 50 CC (51.0%) (Table 1). 
This distribution was not compatible with the Hardy- 
Weinberg equilibrium. 

The GNB3 genotype distribution in the patient pop- 
ulation was 9 TT (13.4%), 19 TC (28.4%), and 39 CC 
(58.2%). Comparing the GNB3 genotype in subjects 
with symptoms (patients and blood donors with symp- 
toms), the CC genotype was significantly (P < 0.05) 
more prevalent in those with a functional GI disorder 
compared with asymptomatic controls. Based on these 
data, the crude odds ratio (OR) for abdominal symptoms 
for CC vs. TC genotypes (patients vs. all blood donors) 


April 2004 


G-PROTEIN ß3 SUBUNIT 825 CC GENOTYPE 975 


Table 2. Distribution of GNB3 Genotypes in the Various Groups in Study B 


Sample T-allele C-allele 
Group size (n) TT (n, %, 95% CI) CT (n, %, 95% CI) CC (n, %, 95% Ch (n) (n) 
Blood donors 112 4 (3.6%, 1.0-8.9) (55.5%, 46.2-64.6) 6 (41.1%, 32-50.2) 70 154 
Functional dyspepsia patients 56 4 (7.1%, 2.0-17.3) (32.1%, 20.3-46.0) 4 (60.7%, 46.9-73.5) 26 86 
Dysmotility like? 40 3 (7.5%, 1.6-20.4) 1 (27.5%, 14.6-43.9) 26 (65.0%, 48.3-79.4) 17 63 
Ulcer like® 16 1 (16.3%, 6.8-30.7) 6 (37.5%, 15.2-64.6) 9 (56.2%, 29.9-80.2) 8 24 
IBS° 20 2 (10.0%, 1.2-31.7) 5 (25.0%, 8.7-49.1) 13 (65.0%, 40.8-84.6) 9 31 


Categorization was based on the predominant (most bothersome) symptom or symptom grouping as follows: 

@Most bothersome symptom based on physician interview was fullness, bloating, or early satiety. 

bMost bothersome symptom based on physician interview was upper abdominal pain. 

°Predominantly lower abdominal pain or discomfort associated with a disturbance of stool frequency and/or stool consistency. 


was 1.97 (95% CI: 1.07-3.60; P = 0.027). Adjusting for 
age and sex, the OR was 1.91 (95% CI: 1.01-3.64). A 
comparison of patients vs. blood donors without symp- 
toms adjusting for age and sex yielded an even higher 
OR for CC vs. TC genotype of 2.31 (95% CI: 1.21-4.42; 
P = 0.008). Consistent with the comparison of patients 
vs. all blood donors, a comparison of blood donors with 
GI symptoms vs. those without symptoms yielded a 
borderline significant OR of 1.64 (95% CI: 0.9-2.8; 
P = 0.072) for CC vs. TC genotype. 

GNB3 polymorphism and anxiety and depression. 
The mean scores for anxiety were 4.33 (#1.4), 1.93 
(#0.6), and 6.3 (#1.1) in patients with the TT, CT, and 
CC genotype (P < 0.001 CT vs. TT and CC). Depression 
scores were 3.4 (+1.2), 1.64 (#0.5), and 5.8 (#1.0) 
(P<0.001 CT vs. TTand CC). In healthy asymptomatic 
subjects no association between the GNB3 status and 
anxiety or depression scores were found. There was no 
correlation between age and anxiety (r = 0.12, P > 0.6) 
or depression (r = 0.06, P > 0.6). 

Logistic regression analysis adjusting for age, sex, 
depression, and anxiety revealed that the CC polymor- 
phism was associated independently with functional dys- 
pepsia (patients and symptomatic controls combined) 


(OR = 1.86, 95% CI: 1.06-3.19). 
Study B 


Characteristics of the study population. The 
mean age of the patient population was 46.4 (#1.9) years 
compared with 44.4 (#1.3) years in controls. Thirty-six 
of 56 patients and 72 of 112 controls were women. 

Abdominal symptoms. Forty patients had pre- 
dominantly dysmotility-type symptoms, whereas 16 had 
predominantly ulcer-type symptoms; 8 patients simul- 
taneously had dysmotility- and ulcer-type dyspepsia (Ta- 
ble 2). Twenty patients (16 with dysmotility type) also 
had IBS symptoms. The CC genotype was associated 
significantly with functional dyspepsia (OR = 2.22, 
95% CI: 1.15-4.27, P < 0.02) adjusting for age and sex. 


Similarly, the CC genotype was associated with dysmo- 
tility-type symptoms (OR = 2.66, 95% CI: 1.26-5.65) 
but not IBS (OR = 2.66, 95% CI: 0.99-7.19) or ulcer- 
like symptoms (OR = 2.66, 95% CI: 0.99-7.19), ad- 
justing for age and sex. 

Combined analysis of study A and B. The analy- 
sis of the association of functional dyspepsia with the CC 
genotype compared with CT and TT genotype yielded, 
after adjusting for age and sex, an OR of 2.2 (95% CI: 
1.4-3.5). 


Discussion 


The precise pathophysiology of the functional GI 
disorders is unknown, but several abnormalities includ- 
ing disturbed gut sensory or motor function, >74 dys- 
function of the autonomic nervous system,?? and under- 
lying psychiatric disturbances’ have been implicated. All 
of these abnormalities could have as their common de- 
nominator an underlying alteration of intracellular signal 
transduction. Indeed, in our studies the distribution of 
GNB3 genotypes was significantly different in subjects 
with chronic abdominal symptoms compared with 
Although 42% of the 
asymptomatic controls in study A were found to have the 


asymptomatic blood donors. 


CC genotype, the corresponding prevalence in subjects 
with chronic relapsing symptoms of functional dyspepsia 
with or without IBS was 59% (i.e., almost 20% higher). 
Similar results were observed in study B, and the find- 
ings are unlikely to be caused by chance. Indeed, the 
results in this study were all very consistent; a compa- 
rable enrichment of the CC genotype was found in both 
patients with documented functional GI symptoms and 
in blood donors with chronic unexplained GI symptoms. 

In study A, patients with a broad spectrum of long- 
standing predominantly upper GI symptoms who were 
unresponsive to conventional therapeutic measures and 
thus were referred to a tertiary center were included. 
Thus, it is reasonable to assume that these patients 
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represent a specific subgroup of patients with more severe 
functional disturbances and the results may not be rep- 
resentative for all patients with functional GI disorders. 
However, study B included more typical patients with 
functional dyspepsia seen in primary and secondary care. 
Furthermore, these patients were recruited from virtually 
all geographic regions of Germany and thus these pa- 
tients are likely to be representative of patients with 
functional dyspepsia seen in primary and secondary care. 
It is therefore reasonable to assume that the association 
between GNB3 genotype and symptoms is not limited to 
severe cases with unexplained dyspepsia. Nevertheless, 
further studies are needed to evaluate in detail the asso- 
ciation between GNB3 polymorphism and symptoms in 
patients with different types and severity of functional 
bowel disease. It also is important to emphasize that 
although the study populations were recruited from all 
over Germany, only Caucasians were included. Our find- 
ings thus need to be replicated in different populations 
and races. On the other hand, the allele distribution in 
controls was very similar to allele distributions that have 
been observed in previous studies of Caucasians.?%17 

In our study, blood donors with chronic abdominal 
symptoms also were studied. It thus might be argued 
that these subjects may have had an underlying struc- 
tural lesion that caused their symptoms. On the other 
hand, most of the symptomatic blood donors reported 
having had GI symptoms for many years, a physical 
examination was normal, regular medication including 
nonsteroidal anti-inflammatory drugs were not allowed, 
and screening blood studies were normal. Furthermore, 
37 blood donors in study A with symptoms had con- 
sulted a physician for testing (including endoscopic eval- 
uation) in the past, but no structural lesions or other 
cause for the symptoms was identified. Thus, it is rea- 
sonable to assume that the blood donors had functional 
GI symptoms. 

The majority of the blood donors likely would have 
refused invasive testing (e.g., endoscopy) and restricting 
the controls to those willing to undergo such testing may 
have introduced major selection bias (e.g., because psy- 
chosocial factors can drive the decision to have testing). 
If there was misclassification bias, this probably would 
introduce more heterogeneity diluting any apparent as- 
sociation between GNB3 genotypes and functional GI 
disorders. The fact that there was an association detected 
emphasizes the strength of our findings. 

In study A, 38% of the blood donors reported abdom- 
inal symptoms in the past year. Although it might be 
speculated that this proportion of subjects with symp- 
toms is relatively high, it has to be taken into account 
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that this includes any symptom within the past 12 
months. Indeed, 22% had frequent symptoms and this 
prevalence is highly consistent with results reported in 
previous population-based studies.?%-48-4 In this context 
it is also noteworthy that we observed a remarkable 
overlap of symptoms. This is well described in popula- 
tion-based studies.°° However, the majority of patients 
in study A and all patients in study B had predominantly 
upper abdominal symptoms. Thus, although we have 
observed a clear association between the CC polymor- 
phism and functional dyspepsia, we cannot draw a firm 
conclusion with regard to the association with IBS. 

Functional upper and lower gastrointestinal disorders 
may be triggered by one or more exogenous events 
including acute GI infection.’® However, only a sub- 
group of patients exposed to these environmental factors 
ever develops a functional GI disorder. Interestingly, it 
has been observed that neutrophils and lymphocytes 
from 825T allele carriers responded more strongly to 
chemotactic cytokines than cells from individuals with 
the CC genotype.?° Likewise, the cellular response to 
common recall antigens may be enhanced substantially 
in lymphocytes from homozygous 825T allele carriers.?° 
Thus, it is conceivable that immune function alterations 
in response to infection associated with C825T allele 
status may predispose to the initiation of functional 
dyspepsia. Another possible link with the development 
of functional dyspepsia is an impaired antinociceptive 
pathway, caused by altered adrenoreceptor and other 
signal transduction associated with C825T allele status. 
It also is possible that altered signal transduction could 
explain recent observations of impaired adaptation of 
gastric sensation after repeated mechanical stimulation in 
functional dyspepsia.?” However, in view of the high 
frequency of CC in the Caucasian population, it is un- 
likely that GNB3 genotypes could be the sole determi- 
nant of GI symptom development. More likely, the 
GNB3 CC genotype is one general genetic susceptibility 
factor for GI symptoms, but precipitation of symptoms 
requires additional environmental and/or genetic influ- 
ences. 

It is tempting to speculate that genotyping patients 
with functional GI disorders could in the future facilitate 
defining true disease clusters and, potentially, guide 
tailored drug therapy. Indeed, some but not all available 
studies from the literature suggest that there is gene-dose 
effect with regard to some medications directly or indi- 
rectly mediated through G-protein-coupled recep- 
tors.??“8® Thus, homozygous 825T allele carriers have 
shown the greatest response to therapy with thiazide 
diuretics’! and antidepressive drugs,?? whereas homozy- 
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gous 825C allele carriers had less responsiveness. Indi- 
viduals with the TC genotype, on the other hand, showed 
an intermediate response to these drugs.°! 

Zill et al.?? have examined patients with major de- 
pression and found an increased prevalence of 825TT allele 
carriers in the patient group, whereas Lin et al.,’ albeit 
in an Asian population, did not find such an association. 
In our study there were higher scores for depression and 
anxiety in carriers of the TT and CC genotype compared 
with patients with the CT genotype. Although this may 
suggest a link between the GNB3 genotype and anxiety 
or depression, it also could be speculated that the higher 
scores for depression and anxiety in patients with the CC 
and TT genotype in the present study are not primary 
but are secondary to more severe GI symptom distur- 
bances. It also is possible that our findings simply might 
be caused by the association of depressive and anxiety 
disorders with functional GI disorders and an indepen- 
dent link between psychiatric disorders and the G-pro- 
tein genotype. However, it needs to be emphasized that 
we specifically excluded patients (and controls) with 
psychiatric diagnoses and adjusted in the logistic regres- 
sion analysis for anxiety and depression. 

A recent study failed to find a difference in immuno- 
reactivities of specific subunit G-proteins between 
healthy controls and a small sample of 19 patients with 
IBS.°?2 However, this study did not evaluate G-protein 
polymorphisms but measured the immunoreactivity of 
specific subunit proteins; immunoreactivities of specific 
subunit proteins do not reflect functional activity. 

Patients with functional GI disorders present with a 
broad spectrum of gastrointestinal and extraintestinal 
symptoms. In addition, several functional abnormalities 
(including blunted central &2-adrenergic response, aug- 
mented response to cholecystokinin,!%3 and an aug- 
mented response of central serotonin la receptors!7-1854) 
has been observed. Although these abnormalities might 
be caused by several independent receptor abnormalities, 
our data suggest that there might be at least one under- 
lying second messenger abnormality. This also might 
partially explain familial clustering in patients with 
functional GI disorders. A number of studies have shown 
clustering of functional GI disorders within families and 
twin studies suggest both genetic and environmental 
influences.!315 Our current data suggest that the hered- 
itary factors may be at least partially explained by 
GNB3-polymorphisms. 

In summary, the present study suggests that there is a 
significant link between GNB3 genotypes and functional 
dyspepsia. Based on these data, functional symptoms 
might result in part from genetically altered receptor 
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G-protein coupling, which could in turn explain the 
multisystem manifestations commonly observed in these 
patients. Because only a subgroup of subjects with the 
CC genotype actually manifested a functional GI disor- 
der, additional environmental or genetic factors likely are 
essential in the causal chain. The present results need to 
be replicated further but the observations may lead to 
novel insights into the molecular pathophysiology of 
these disorders and, in the future, could result in the 
identification of new therapeutic targets and diagnostic 
tests. 
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